generation of atheromatic plaque on the arterial wall.
The interaction between the arterial wall and blood flow is one of the factors responsible for the generation of atherosclerotic plaque. Having this in mind, computational simulations of blood flow in realistic 3D models of the arterial vasculature is of utmost importance in order to discover the effect of the generated WSS on the development of atherosclerotic plaque.
The aforementioned blood flow simulations are carried out in two ways as it is reported in literature. The first researchers attempted to perform blood flow simulations making the assumption that the arterial wall is rigid, thus not taking into account the interaction between the wall and the blood [2] [3] [4] [5] [6] [7] . Rigid wall simulations require the discretization of only the lumen, resulting to quick and moderately precise calculations.
Later attempts included the interaction between the wall and the blood, resulting to the generation of Fluid Structure Interaction models (FSI) [2] , [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The use of FSI models requires the reconstruction of the lumen as well as the arterial wall and the discretization of both. The resulting simulations are evidently more precise but require significantly higher computational resources since the equations that are to be solved are more than in the rigid wall simulations. The arterial wall is deformed due to the produced surface loads on the arterial wall caused by blood flow. The elastic nature of the arterial wall forces it to return to its undeformed state, thus affecting the blood domain. Two separate Finite Element solvers are used to solve the two domains (the fluid and the solid). The common surface of the two domains produces the same displacements for both the fluid and the solid domain. The displacements that are calculated for the blood domain are used as initial boundary conditions for the solid domain and vice versa. Fig. 1 depicts the interaction between the arterial wall and the blood [8] . Figure 1 : FSI between blood and the arterial wall [8] . In the present work, pulsatile blood flow simulations are carried out on four 3D realistic arterial models, one untreated with three stenoses and three models which have one stenosis widened virtually. Results regarding WSS distribution, average WSS, maximum values of WSS as well as areas of low WSS (0-2 Pa) are obtained in order to determine the effect of arterial geometry on blood flow and hemodynamics.
Exploring the Effect of Arterial Geometry in a Realistic

II. MATERIALS AND METHODS
A. 3D reconstructed models
The initial 3D model of a patient-specific stenosed coronary artery is reconstructed using Intravascular Ultrasound and biplane angiography images. Using a virtual inflation technique, the three major stenoses are treated one at a time, thus simulating the result of a Percutaneous Coronary Angioplasty-PCA. At the end, 4 pairs of 3D models (adventitia-lumen) are generated as it is shown in Fig. 2 [22] . B. Blood domain The deformable blood domain in our FSI models is governed by the momentum conservation equation:
where ρ is the density of the blood, v is the blood velocity vector, w is the moving mesh velocity vector, τ is the stress tensor and B f are the total body forces. The aforementioned stress tensor is defined as:
where ij δ is the Kronecker delta, μ is the blood dynamic viscosity, p is the blood pressure and ij ε is the strain tensor calculated as:
Due to the size of the examined vessels, blood was treated as a Newtonian fluid having density 1060 kg/m 3 and dynamic viscosity 0.0035 Pa s.
C. Arterial Wall domain
where 
I are the first and second deviatoric strain invariants respectively and J is the determinant of the elastic deformation gradient tensor. The rest of the parameters are set as [20] : c 10 =0.07 MPa, c 20 =3.2 MPa, c 21 =0.0716 MPa and the rest are equal to zero. The compressibility parameter d is defined as:
where K is the bulk modulus (1x10 -5 ).
D. Fluid Structure Interaction
In order for the two domains to be solved together, the following displacement compatibility and traction equilibrium equations must be met:
where
S FSI
Γ is a set of points on the arterial wall and
F FSI
Γ a set of points on the lumen. The generated stresses from the fluid and the solid on the interface of the two domains must be in equilibrium (Eq. (7)) and the displacements of the two domains on their common surface must be equal (Eq. (8)).
E. Boundary Conditions
Three boundary conditions are used for the simulations regarding the blood domain. A volumetric flow rate profile is applied at the inlet as it is shown in Fig. 3 . On the inner side of the wall, blood velocity is assumed to be equal to zero. Finally, a relative pressure equal to zero is applied at the outlet of the vessel. A full cardiac cycle is simulated with a total duration 0.75 seconds divided in 16 timesteps of 0.05 seconds.
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The arterial wall on the other hand, is assumed to be fixed at both ends, thus restraining any type of motion on these particular areas as it is shown in Fig. 4 . 
F. Discretization of the arterial segments
The four pairs of reconstructed 3D models are discretized into finite elements. 674000 hexahedral elements comprise the generated mesh of the arterial lumen, whereas the wall of the vessels is discretized into 630000 tetrahedral elements as it is shown in Fig. 5 . 
III. RESULTS
Several FSI simulations are performed on the four pairs of arterial models producing results on average WSS, areas of low WSS (0-2 Pa) and maximum WSS. Fig. 6 shows the average calculated WSS for all models, revealing a decrease for the three treated cases compared to the untreated case. The case where the 1 st stenosis was treated exhibits the lower values of average WSS whereas the case with the 2 nd treated stenosis exhibits the highest values among the three treated cases. Fig. 9 depicts the WSS distribution for all four cases during the last timestep of the cardiac cycle (i.e. 0.7 seconds). As it can be observed from the images, the treated regions of the three cases reveal a normalization of the distributed WSS, increasing the calculated WSS on the untreated stenoses of the aforementioned cases.
IV. DISCUSSION
In the current work, we performed pulsatile blood flow simulations on four 3D arterial models. The base model is the untreated one, exhibiting three moderate stenoses whereas the remaining three models have the three stenoses treated one at a time.
The produced results show that in every treated case, the average WSS is reduced compared to the untreated case, thus normalizing blood flow and WSS distribution. Moreover, as indicated in Fig. 7 , the highest WSS values are observed in the untreated case as it is expected, while the treated cases exhibit significantly lower WSS values. Moreover, Fig. 8 stresses the fact that, the treated regions in the three treated cases produce low values of WSS, indicating a possibility of future restenosis.
Our models will be validated using MRI data regarding velocity profiles, as well as pressure profiles obtained by pressure wires during IVUS. Furthermore, our future work includes the assignment of different material properties regarding each type of plaque.
